metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 



ISSN 1600-5368 

[2-(2,2':4',2"-Terpy ridin-6-y I-k 2 N 1 ,N 1 ')- 
benzoato-«:0]manganese(ll) trihydrate 

Xinzheng Liu 

Advanced Material Institute of Research, Department of Chemistry and Chemical 
Engineering, Qilu Normal University, Shandong 25001 3, People's Republic of China 
Correspondence e-mail: xinzhengliu_qlnu@yahoo.com.cn 

Received 10 February 2013; accepted 2 March 2013 

Key indicators: single-crystal X-ray study; T = 293 K; mean ct(C-C) = 0.052 A; 
R factor = 0.093; wR factor = 0.271; data-to-parameter ratio = 12.6. 



In the title complex, [Mnf^HuNaC^^J-SHzO, the Mn" ion is 
coordinated by two iV,Af ,0-tridentate 2-(2,2':4',2"-terpyridin- 
6'-yl-/c 2 /V 1 ,7V L )benzoate ligands in a distorted CM-Mn0 2 N 4 
octahedral geometry. In one ligand, the dihedral angles 
between the central pyridine ring, the other bonded pyridine 
ring, the terminal pyridine ring and the benzene ring are 
14.3 (15), 18.3 (18) and 43.9 (16)°, respectively. The equivalent 
angles in the second ligand are 5.8 (18), 6.3 (18), and 
47.0 (17)°, respectively. In the crystal, the complex molecules 
and lattice water molecules are linked by O— H- ■ O and O — 
H- ■ -N hydrogen bonds, generating a three-dimensional 
network. 

Related literature 

For background to the applications of coordination 
complexes, see: Fan et al. (2013). 




3H 2 0 



Experimental 

Crystal data 

[Mn(C 22 H 14 N 3 0 2 ) 2 ]-3H 2 0 
M, = 813.71 
Triclinic, PI 



a = 82.79 (3)° 
ft = 84.19 (3)° 
y = 70.59 (3)° 
V = 1962.7 (7) A 3 
Z = 2 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2001) 
r mi „ = 0.954, r maI = 0.969 

Refinement 

R[F 2 > 2a(F 2 )] = 0.093 

wR(F 2 ) = 0.271 

5 = 1.00 

6746 reflections 

536 parameters 

9 restraints 



Table 1 

Selected bond lengths (A). 

Mnl-Ol 2.10(2) 
Mnl-03 2.11 (2) 

Mnl-N5 2.26 (2) 



Table 2 

Hydrogen-bond geometry (A, °). 



Mo Ka radiation 
li = 0.40 mm -1 
T = 293 K 

0.12 x 0.10 x 0.08 mm 



16229 measured reflections 
6746 independent reflections 
4043 reflections with / > 2cr(/) 
R<„, = 0.098 



H atoms treated by a mixture of 
independent and constrained 
refinement 

A/£W = 0.58 e A~ 3 

Ap mi „ = -2.70 e A~ 3 



Mnl-N2 
Mnl-N4 
Mnl-Nl 



2.27 (2) 
2.33 (2) 
2.41 (2) 



D-H- 


■A 




D-H 


H-A 


D-A 


D-H- - A 


OIW- 


H2W- 


■OT 


0.82 (1) 


2.23 (8) 


2.768 (8) 


123 (8) 


OIW- 


mw- 


■02" 


0.82 (1) 


2.27 (7) 


2.881 (8) 


145 (6) 


02W- 


H4W- 


■N3 


0.82 (1) 


2.24 (4) 


3.022 (9) 


159 (9) 


03W- 


mw- 


■or 


0.82 (1) 


2.65 (8) 


2.765 (8) 


89 (6) 



a = 11.157 (2) A 
b = 12.141 (2) A 
c = 15.517 (3) A 



Symmetry codes: (i) — x + 2. — y + 1, — z + 1; (ii) x, y — 1, z\ (iii) x — 1, y, z. 

Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT- 
Plus (Bruker, 2001); data reduction: SAINT-Plus; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB7038). 
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[2-(2,2 f :4 f ,2 ff -Terpyridin-6 f -yl-^ 2 N 1 ,N 1 ')benzoato-/fO]manganese(ll) trihydrate 

Xinzheng Liu 

Comment 

The design and synthesis of coordination complexes have attracted upsurging research interest not only because of their 
appealing structural and topological novelty but also owing to their tremendous potential applications in gas storage, 
microelectronics, ion exchange, chemical separations, nonlinear optics and heterogeneous catalysis (e.g. Fan et ah, 2013). 
Here, we report one new compound: [(C 4 4H28MnN 6 04).3(H 2 0)], obtained from the solvothermal reaction of 6'-(2- 
carboxylphenyl)-2,2':4',2"-terpyridine and manganese(II) sulfate. 

The title compound, [(C^HzsMnNsO^JOlzO)], consists of one Mn(II), two 6'-(2-carboxylphenyl)-2,2':4',2"-terpyridine, 
and three uncoordinated water molecules. Mn(l) owns a distorted octahedral coordination geometry, completed by four 
N atoms and two O atoms from two depornated 6'-(2-carboxylphenyl)-2,2':4',2"-terpyridine (Figure 1). The Mn — O and 
Mn— N distances are in the range of 2.10 (2)— 2.11 (2) and 2.26 (2)-2.41 (2) A, respectively. O— H-0 and O— H-N 
hydrogen bonding in the packing diagram leads to a consolidation of the structure (Fig. 2; Table 2) . 

Experimental 

Amixture of 6'-(2-carboxylphenyl)-2,2':4',2"-terpyridine (0.10 mmol, 0.035 g), manganese(II) sulfate monohydrate (0.10 
mmol, 0.017 g), NaOH (0.20 mmol, 0.008 g) and 12 ml H 2 0 was placed in a Teflon-lined stainless steel vessel, heated to 
170°C for 3 days, followed by slow cooling (a descent rate of 10°C/h) to room temperature to yield orange blocks. Anal. 
Calc. for C 4 4H 34 MnN 6 0 7 : C 64.95, H 4.21, N 10.33%; Found: C 64.91, H 4.16, N 10.28%. 

Refinement 

All hydrogen atoms bound to carbon were refined using a riding model with distance C — H = 0.93 A, = \2U^ (C) 
for aromatic atoms. The H atoms of the water molecule were located from difference density maps and were refined with 
d(0— H) = 0.83 (2) A, and with a fixed [/ iso of 0.80 A 2 . 

Computing details 

Data collection: APEX2 (Bruker, 2004); cell refinement: SAINT-Plus (Bruker, 2001); data reduction: SAINT-Plus (Bruker, 
2001); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008). 
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Figure 2 

The crystal packing of the title compound, displayed with hydrogen bonds as dashed lines. 



[2-(2,2 ':4',2 "-Terpyridin-G'-yl-rW 1 ,^ )benzoato-icO] manganese(ll) trihydrate 



Crystal data 

[Mn(C 2 2H 14 N302)2]-3H20 

M,.= 813.71_ 

Triclinic, PI 

Hall symbol: -P 1 

a = 11.157 (2) A 

b = 12.141 (2) A 

c= 15.517(3) A 

a = 82.79 (3)° 

^=84.19(3)° 

y = 70.59 (3)° 

V= 1962.7 (7) A 3 

Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
tp and co scans 

Absorption correction: multi-scan 

(&4Z)^S5;Bruker,2001) 
T mm = 0.954, r max = 0.969 



Z=2 

F(000) = 842 

D x = 1.377 MgnT 3 

Mo ATa radiation, X = 0.71073 A 

Cell parameters from 6746 reflections 

(9 = 3.0-25.0° 

fi = 0.40 mnr 1 

T=293 K 

Block, orange 

0.12 x 0.10 x 0.08 mm 



16229 measured reflections 
6746 independent reflections 
4043 reflections with / > 2a(I) 
R mt = 0.098 

#max = 25.0°, 9 min = 3.0° 

A = -13^13 
A:= -14^14 
/ = -18->18 
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Refinement 



Refinement on F 2 

Least-squares matrix: full 

R[F* > 2cr(^ 2 )] = 0.093 

wR{F r ) = 0.271 

S = 1.00 

6746 reflections 

536 parameters 

9 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 



w = ll[a\F a 2 ) + (0.139P) 2 + 1.6146P] 

where P = {F 2 + 2F 2 )I?> 
(A/<7) max = 0.001 
A/w = 0.58eA~ 3 
Ap mm = -2.70 e A" 3 



Special details 



Geometry. All esds (except the esd in the dihedral angle between two Is. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 



x 



y 



z 



11- *IU 



eq 



CI 

C2 

H2 

C3 

C4 

H4 

C5 

C6 

C7 

H7 

C8 

H8 

C9 

H9 

C10 

H10 

Cll 

C12 

C13 

C14 

H14 

C15 

H15 

C16 

H16 



0.728 (3) 
0.605 (3) 
0.5575 
0.556 (3) 
0.634 (3) 
0.6056 
0.753 (3) 
0.840 (3) 
0.792 (4) 
0.7068 
0.870 (4) 
0.8378 
0.996 (5) 
1.0486 
1.046 (3) 
1.1310 
0.970 (3) 
1.027 (3) 
0.784 (3) 
0.732 (3) 
0.6611 



0.788 (3) 
0.7549 
0.893 (3) 
0.9304 



0.730 (3) 
0.805 (3) 
0.7851 
0.910(3) 
0.935 (3) 
1.0058 
0.858 (3) 
0.885 (3) 
0.934 (3) 
0.9482 
0.962 (3) 
0.9925 
0.943 (3) 
0.9625 
0.896 (3) 
0.8852 
0.865 (3) 
0.814(3) 
0.615 (3) 
0.587 (3) 
0.6409 
0.477 (3) 
0.4570 
0.400 (3) 
0.3257 



0.6259 (19) 
0.608 (2) 
0.5705 
0.646 (2) 
0.700 (2) 
0.7249 
0.715 (2) 
0.7698 (19) 
0.850 (2) 
0.8678 
0.900 (2) 
0.9530 
0.873 (3) 
0.9074 
0.795 (2) 
0.7773 
0.743 (2) 
0.659 (2) 
0.588 (2) 
0.520 (2) 
0.4952 
0.490 (2) 
0.4442 
0.528 (2) 
0.5088 



0.033 (7) 
0.042 (8) 
0.050* 
0.039 (7) 
0.041 (8) 
0.049* 
0.036 (7) 
0.039 (7) 
0.052 (9) 
0.063* 
0.061 (11) 
0.074* 
0.067 (12) 
0.081* 
0.051 (9) 
0.061* 
0.036 (7) 
0.038 (7) 
0.034 (7) 
0.042 (8) 
0.051* 
0.048 (9) 
0.058* 
0.043 (8) 
0.052* 
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1 o o /o \ 

122 (3) 


P 1 Q P 1 (\ PO A 

C 1 8 — C 1 9 — C20 


119 (4) 


p i o p 1 a tti n 

C18 — C19 — H19 


1 oa a 

120.6 


poa pm tti n 

C20 — C19 — HI 9 


1 OA T 

120.7 


p /-» i poa p 1 a 

C21 — C20 — C19 


1 O 1 / A\ 

12 1 (4) 


p -n i POA TT1A 

Cz 1 — CzO — HzO 


1 1 A C 

119.5 


p i A PI A 

C19 — C20 — H20 


1 1 A C 

119.5 


C22— C21— C20 


117 (3) 


C22— C21— H21 


121.3 


C20— C21— H21 


121.6 


C21— C22— N3 


123 (4) 


C21— C22— H22 


118.4 


N3— C22— H22 


118.5 



POO PI A TT") A 

C33 — C34 — H34 


119.2 


C35 — C34 — H34 


119.3 


P O / P ") £" P ") /I 

C36 — C35 — C34 


120 (4) 


po/' p*)c inc 

C36 — C35 — H35 


1 OA A 

120.0 


PO/1 PTC TITC 

C34 — C35 — H35 


120.0 


C35 — C36 — C37 


120 (3) 


POC p 1 /" TTO/' 

C35 — C36 — H36 


1 1 A O 

119.8 


POT P")/" TTO/' 

C 3 7 — C 3 6 — H3 6 


119.9 


p -> /_ PTO" PTO 

C36 — C37 — C38 


1 OA / A \ 

120 (4) 


PO/' p<)n TTOT 

C36 — C37 — H37 


120.1 


POO P")0" TTOO" 

C38 — C37 — H37 


1 OA O 

120.2 


POO POO P")0 

C33 — C38 — C37 


121 (3) 


POO POO P")A 

C33 — C38 — C39 


123 (3) 


POO" POO POA 

C37 — C38 — C39 


116(3) 


04 — C39 — 03 


123 (3) 


S \ A POA POO 

04 — C39 — C38 


121 (3) 


P»0 P")A POO 

03 — C39 — C38 


116(3) 


\t/- p a r\ p a 1 

N6 — C40 — C41 


121 (3) 


N6 — C40 — C30 


117(3) 


C41 — C40 — C30 


122 (3) 


P/IO p /l 1 P/1A 

C42 — C4 1 — C40 


1 OA /O \ 

120 (3) 


P/IO P/11 TT/11 

C42 — C4 1 — H4 1 


1 OA O 

120.3 


C40 — C4l — H4l 


120.1 


A "> /"I /I /~1 yl 1 

C43 — C42 — C4 1 


119(3) 


p /I O P/IO TT/IO 

C4J — C4z — H4z 


120.7 


C4l — C42 — H42 


120.7 


C42 — C43 — C44 


118 (3) 


p ^ ^ p < i T T /I ") 

C42 — C43 — H43 


120.6 


p zt zt P/IO TT/IO 

C44 — C43 — H43 


1 O 1 A 

121.0 


"KTP P /I /I P /I ") 

N 6 — C44 — C43 


125 (4) 


\T/" p A A T T A A 

N 6 — C44 — H44 


117.5 


P/IO p A A ~lf A A 

C43 — C44 — H44 


117.4 


/ \ i A <f 1 PO 

Ol — Mnl — 03 


1 1 A "7 / A \ 

110.7 (9) 


S~\ 1 ATI Tk J C 

01 — Mnl — N5 


i/ii o / r\ \ 

141.2 (9) 


P.") A J 1 \Tf 

03 — Mnl — N5 


1 A A A /A\ 

100.9 (9) 


P. 1 A J 1 X TO 

Ol — Mnl — N2 


1 A /J A / C\ \ 

104.9 (9) 


P.O TV /T 1 \T1 

03 — Mnl — N2 


87.1 (9) 


N5 — Mnl — N2 


98.5 (9) 


01 — Mnl — N4 


90.8 (8) 


P.O A J 1 XT A 

03 — Mnl — N4 


OO "7 / C\ \ 

82.7 (9) 


XTC Aif 1 XT/I 

N5 — Mnl — N4 


71.0 (8) 


XTO A J 1 XT A 

N2 — Mnl — N4 


163.5 (9) 


01 — Mnl — Nl 


80.6 (8) 


03 — Mnl — Nl 


1 CC O /A\ 

156.2 (9) 


N5— Mnl— Nl 


79.2 (9) 


N2— Mnl— Nl 


69.5 (8) 


N4— Mnl— Nl 


119.0(8) 


CI— Nl— C5 


118 (2) 


CI— Nl— Mnl 


116.3 (18) 
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supplementary materials 



\Tf /""n PO A 

N 5 — C23 — C24 


IT) /O \ 

123 (3) 




S~ ' C XT 1 A /f — 1 

C5 — N 1 — Mnl 




1 O A 1 / 1 A\ 

124.1 (19) 


\Tf p -> Tin 

N5 — C23 — H23 


1 in 1 

1 1 8.3 




PH XTO pn 

C17 — N2 — C13 




1 1 o /o\ 
118 (2) 


f • r% A POO TTOO 

C24 — C23 — H23 


1 1 O A 

118.4 




/— < i ^7 XTO A /T 1 

C17 — N2 — Mnl 




1 O A C / 1 A\ 

120.5 (19) 


/"<oc po A riTi 

C2 5 — C24 — C2 3 


1 1 A /0\ 

119 (3) 




PH XTO A /T„ 1 

C 1 3 — JN 2 — Mn 1 




1 O 1 A ( 1 A\ 

121.4 (19) 


PO C PO /I TT1 /I 

C25 — C24 — H24 


120.6 




pi o xto pn 

C 1 8 — N 3 — C22 




1 1 O /O A 

118 (3) 


C23 — C24 — H24 


120.5 




POO XT/1 POO 

C32 — N4 — C28 




119(2) 


p a poc r * o / 

C24 — C25 — C26 


1 1 A \ 

119(3) 




POO XT/1 A if 1 

C32 — N4 — Mnl 




1 O A C /I 0\ 

124.5 (18) 


L24 — C25 — H25 


1 OA O 

120.3 




PTO XT A »i„1 

C28 — N4 — Mnl 




1 1 C £ / 1 o\ 

115.6 (18) 


Czo — Czj — HZ3 


1 OA O 

121). 2 




ptj xtc pn 

C23 — Nj — Cz / 




1 1 o /o\ 

118 (3) 


C25 — C26 — C27 


119 (3) 




pn XTC A yf ~, 1 

C23 — N5 — Mnl 




1 o o /o\ 

123 (2) 


pif r~"^i£l TTT^ 

L25 — L26 — H26 


1 OA /I 

120.4 




pn" XTC A /T„ 1 

C27 — N 5 — Mn 1 




117.7 (19) 


P77 P9fi R9A 


1 90 A 




CAC\ XF£ P44 

IN O v^T"T" 




1 1 8 (X\ 
no \j ) 


N5— C27— C26 


121 (3) 




C12— 01— Mnl 




120.0(18) 


N5— C27— C28 


116(2) 




C39— 03— Mnl 




126 (2) 


C26— C27— C28 


123 (3) 




H2W— OIW— H1W 




114.5 (16) 


N4— C28— C29 


122 (3) 




H3W— 02W— H4W 




115 (3) 


N4— C28— C27 


115(2) 










Hydrogen-bond geometry (A, °) 


D — H—A 




D — H 




D-A 


D — H—A 


oiw—mw-o? 




0.82(1) 


2.23 (8) 


2.768 (8) 


123 (8) 


01 W— H \W- -02" 




0.82(1) 


2.27 (7) 


2.881 (8) 


145 (6) 


oiw— mw-m 




0.82(1) 


2.24 (4) 


3.022 (9) 


159(9) 


03 W— H5^-04 lii 




0.82 (1) 


2.65 (8) 


2.765 (8) 


89 (6) 



Symmetry codes: (i) -x+2, -y+l, -z+1; (ii)x,y-\,z; (iii)x-l, y, z. 
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